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Relationship of protein intake to urinary oxalate and glycolate excre-
tion. The relationship of protein intake to urinary oxalate and glycolate
excretion was examined in a large cohort (N = 101) of normal
individuals on self-selected diets and in 11 individuals on controlled
protein diets. On self-selected diets no correlation was detected be-
tween protein intake and urinary oxalate or glycolate excretion. A
moderate but significant correlation (r = 0.45; F C 0.001) of oxalate
with urea excretion was observed in males but not females, suggesting
that there may be a link between urea and oxalate synthesis in males.
On controlled protein diets mean oxalate excretion in females on days
7 to 10 of a high protein diet (1.8 g/kg body wt) was 20% higher than on
a low protein diet (0.6 g/kg body wt; F = 0.02), but there was no
difference in males. Glycolate excretion was significantly higher (P <
0.001) on the high protein diet than on the low protein diet in both sexes.
Only a weak precursor-product relationship was observed between
glycolate and oxalate. A gender effect was apparent on both self-
selected and control diets with females excreting more oxalate and
glycolate relative to creatinine than males, A pronounced inter- and
intra-individual variability in the excretion of oxalate was observed,
even on controlled diets. This suggests that genetic factors and physi-
ological changes such as hormonal fluctuations may contribute more to
the variability in oxalate excretion than the dietary intake of protein.
Urinary oxnlate excretion is nn important contributing factor
in calcium oxalate nephrolithiasis. Approximately 20% of pa-
tients with calcium oxalate urolithiasis have hyperoxaluria [1].
Because the urinary concentration of calcium is higher than that
of oxalate, small changes in oxalate excretion have a greater
impact on the saturation of calcium oxalate in urine than
changes in calcium excretion [2, 3]. Dietary oxalate is believed
to contribute 10 to 20% of the urinary oxalate, endogenous
metabolism 40 to 50%, and the breakdown of ascorbic acid in
the body, the remaining 40 to 50% [1].
Because of this impact of small changes in oxalate concen-
tration on calcium oxalate crystallization it is important to
identify factors that modify its excretion. Increasing dietary
protein has been reported to increase urinary oxalate excretion
[4—6]. In other studies, however, no effect was observed [7—10].
Since more amino acid catabolism occurs during high protein
consumption and because of reported relationships between
amino acid catabolism and oxalate synthesis [11—13], increasing
dietary protein should theoretically increase oxalate synthesis.
An elevated excretion of glycolate, a precursor of oxalate, has
been observed in 39 to 45% of kidney stone patients with
hyperoxaluria [14, 15]. It was proposed that an inter-relation-
ship between glycolate and oxalate excretion occurred in these
individuals, and Yendt and Cohanim [l5j further proposed that
dietary protein may be a contributing factor. To clarify the
relationship of dietary protein with the excretion of oxnlate and
glycolate we have studied protein intake and urinary excretion
in 101 individuals on self-selected diets. In 11 individuals we
have studied their urinary excretions on controlled diets con-
taining either a low (0.6 g/kg/day) or high (1.8 g/kglday) level of
dietary protein.
Methods
Subjects
Individuals in apparent good health were solicited from
within our Medical Center to participate in the studies. They
were excluded if they had ever suffered from renal, hepatie or
intestinal diseases, including urolithiasis. Because the data
collected were also used for genetic analyses of excretion
patterns, only Caucasians were enrolled in the study to limit
genetic heterogeneity. All were unrelated.
Study I
One hundred and one individuals participated in a study to
collect multiple [3] 24-hour urine samples within a one week
period. They consisted of 54 males, whose mean (± SD) age was
29.2 9.4 years and weight 72.1 4.5 kg, and 47 females,
whose mean age was 32.1 8.7 and weight 55.6 3.7 kg.
Collections were initiated before breakfast, preserved with 10 g
boric acid, and were kept refrigerated. Dietary records were
maintained during each day of collection. Participants were
asked to weigh portions and measure volumes, and if this was
not possible they were instructed on estimating portion sizes.
The dietary composition was analyzed using a software pro-
gram derived from USDA food composition databases. There
were no dietary restrictions. A fasting blood sample was
obtained the day of the final collection. The study was con-
cluded within a three month period to limit the effects of
seasonal variation in urinary excretions [16].
Study II
Twelve individuals participated in the study, consisting of six
males, mean (± sD) age 29.3 6.9 years and weight 77.4 8.8
kg, and six females, mean age 26.5 8.4 years and weight 52.4
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Table 1. Urinary excretions and gender differences in a group of 101 normal individuals on self-selected diets
N
Oxalate
mg/day
Oxalate/Cr
mg/g
Glycolate
mg/day
Glycolate/Cr
mg/g
Urea-N
glday
Urea-N/Cr
g/g
Total 101 28.7 9.la 23.2 9.0 38.8 13.8 30.4 10.7 8.6 3.4 6.4 1.8
Males 54 31.0 9.9 19.5 5.6 43.3 12.2 27.4 7.8 10.3 3.3 6.4 1.6
Females 47 26.2 7.4 27.4 10.3 34,2 14.2 33.4 12.6 6.6 2.2 6.6 2.0
Probabilityb 0.007 <0.001 <0.001 0.003 <0.001 0.572
a Results are presented as the means SD
b Probability that males and females are different based on a Student's two-tailed t-test
4.7 kg. They consumed a low protein diet (0.6 g protein/kg
body wt/day) for 10 days, followed by a wash-out period of 12
days. They then consumed a high protein diet (1.8 g proteinlkg
body wt/day) for a further 10 days. All meals were prepared at
the Medical Center and the majority were eaten in a dining
room associated with the metabolic kitchen. The low protein
diet contained 0 to 13% of the total protein as animal protein
and the high protein diet contained 55 to 65% animal protein.
The daily caloric requirement for each individual to maintain
body weight was calculated from the individual's weight,
height, sex, age and reported level of daily activity. Dietary
calcium was maintained at 800 mg/day using a CaCO3 supple-
ment if required with the evening meal when the bulk of the
foods high in oxalate were consumed. Discretionary salt use
was restricted but sodium intake was not controlled. Individu-
als collected 24-hour urine specimens during each day of the
dietary periods. Four 24-hour collections within a one week
period were also obtained on self-selected diets before com-
mencing the study. Dietary records were maintained during
these collections. Blood samples were obtained at the beginning
and end of each dietary period. One individual was excluded
from the male group as his oxalate excretions on self-selected
diets were very high, 6.5 SD above the mean excretion of the
other individuals on self-selected diets and 4 SD above his mean
excretions on the controlled diets.
Urine analyses
Creatinine, urea-N, and uric acid were measured on a Multi-
Stat centrifugal analyzer using kits provided by the manufac-
turer (IL) and citrate was measured on the analyzer with a kit
from Boehringer-Mannheim. Calcium was determined by
atomic absorption spectrophotometry. Oxalate was measured
using a modified Sigma 591 kit assay. An initial comparison of
assays of a large number of samples using the Sigma 591 kit,
which requires charcoal extraction of urine, with using a more
time-consuming HPLC procedure [17], showed that the Sigma
kit underestimated oxalate in some samples. In the modified
assay an initial precipitation step was used whereby '4C-oxalate
(20,000 dpm) was added to 3 ml of urine, to monitor recovery.
One ml of saturated CaSO4 was added followed by 20 ml of
ethanol, and after an incubation overnight at room temperature
the precipitate was recovered by centrifugation and redissolved
in 3 ml of 0.1 M HC1. An aliquot was taken to measure oxalate
using the Sigma 591 kit (without the charcoal extraction step)
adapted to a centrifugal analyzer. Another aliquot was taken to
determine radioactivity and the recovery of oxalate. The coef-
ficient of variation of this method was found to be 3.2% on
intra-assay and 3.5% on inter-assay. This modified procedure
correlated highly with a HPLC procedure [17] (r = 0.93) which
has previously been shown to correlate highly with a GC-MS
reference method [18]. Glycolate was measured using the
HPLC procedure described by Petrarulo et al [19].
Statistical analyses
Correlations in the excretions of analytes on self-selected
diets were measured by calculation of Pearson's correlation
coefficients and analyzed for significance using the software
program True Epistat (Richardson, Texas, USA). A repeated
measures analysis of variance was used to determine gender
and treatment effects (SAS/STAT; Cary, North Carolina,
USA). Contrasts between individual days were evaluated using
Newman-Keuls comparison test. Where multiple comparisons
were made, P values were adjusted by Holms' sequentially
rejective multiple test procedure [20].
Results
The mean urinary excretions observed in a normal group of
individuals are shown in Table 1. The excretion of each
individual was determined from the mean of three 24-hour
collections. A significant sex difference was apparent in the
daily excretions (mg/day) of both glycolate and oxalate with
males excreting more than females. These findings were re-
versed when calculated relative to creatinine excretion. This is
consistent with the results Wandzilak et al [21] obtained with a
smaller group of individuals (N = 41). Differences in protein
intake apparently did not contribute to the sex differences as the
mean (± SD) protein intake from dietary records was 1.28
0.47 g/kg body wt in males and 1.20 0.42 g/kg body wt in
females. Furthermore, there were no significant differences in
urea-N excretion relative to creatinine (Table 1).
An analysis of variance of the three 24-hour collections in the
101 individuals indicated that there was a pronounced inter-
individual variability in the excretions of both oxalate and
glycolate relative to creatinine (P < 0.001). This variability was
much higher than the intra-individual variability and was signif-
icant for oxalate (F test, P < 0.05) but not glycolate. The
variability in both oxalate and glycolate excretions in the three
collections was substantial in some individuals. This is depicted
in the plot of the distribution of the CVs of these excretions in
Figure 1. Nearly half the individuals (N = 49) had a CV >20%
for oxalate excretion and the same number (N = 49) had
glycolate excretions with a CV >20%. These values compare
with only 15% who had a CV >20% for creatinine excretion. Of
those individuals with a high variability in either oxalate or
glycolate excretion (N = 74), 23 had highly variable excretions
of both acids. In only five of these 23 individuals was the CV for
creatinine >20%, indicating that inaccurate collections did not
— - —
Fig. 1. Distribution of the coefficient of10 20 30 40 50 60 variation in the excretions of oxalate,
glycolate and creatinine (mg/day) in three 24-
Coefficient of variation hour urines from 101 normal individuals.
Total 101 —0.0.46 —0.058 0,321b 0385b
Males 54 0.149 —0.048 0.201 0,240
Females 47 —0.121 —0.018 0489b 0.309a
The mean of the 3 collections from each individual was used for determinations. Abbreviations are: PrIn/kg, protein intake (gf24 hr/per kg body
wt); Ox, oxalate excretion (mg/24 hr); Gly, glycolate excretion (mg/24 hr); UN, urea-N excretion (g/24 hr); Cr, creatinine (g/24 hr); N, number of
individuals.
aP < 0.05; b P < 0.001
make a large contribution to the variable excretions of oxalate
and glycolate in these individuals.
Significant inter-relationships of urinary excretions and pro-
tein intake are shown in Table 2. The highest correlation
involving protein intake was with urea-N excretiOn with fe-
males having a much higher correlation than males. This may
reflect a true metabolic difference betweed males and females or
it may indicate that females more accurately reported their
protein intake. Neither glycolate nor oxalate excretion was
significantly correlated with protein intake. Oxalate excretion,
however, was significantly correlated with urea-N excretion in
males whereas a low, non-significant correlation was observed
in females. Oxalate was significantly correlated with glycolate
but the coefficient of determination (,2) indicates that fluctua-
tions in glycolate excretion contribute only —15% to the vari-
ability observed in oxalate excretion.
The study of individuals on the self-selected diets was limited
by possible errors in estimating portions in food diaries and by
the variable nutrient intake and its consequent metabolic ef-
fects. To more clearly define the relationship of dietary protein
to urinary oxalate and glycolate excretion, 11 individuals, five
males and six females, consumed two levels of protein in their
diets for 10 days. Twenty-four hour urine samples were col-
lected on each day of the diet to determine if an equilibration
period was required before the amounts of oxalate and glycolate
excreted in urine stabilized. On controlled protein diets urea
excretion has been shown to stabilize to a constant value within
seven days [22, 23]. In this study urea excretion stabilized to a
constant value within two to three days on the low protein diet,
but adjusted more rapidly on the high protein diet (Fig. 2).
Excretions Of individuals were also analyzed to determine if
dietary and sex differences were apparent when stabilization
had occurred, and to determine if the variability in excretions
noted on self-selected diets diminished on controlled diets.
Oxalate
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Table 2. Inter-relationships of urinary oxalate, glycolate, and urea, and protein intake in individuals on self-selected diets
N
PrIn/kg
vs.
Ox/Cr
PrIn/kg
vs.
Gly/Cr
Pearson correlation coefficients
PrIn/kg
vs.
UN/Cr
Ox/Cr
vs.
Gly/Cr
Ox/Cr Gly/Cr
vs.
UN/Cr
0.245a
0453b
0.107
vs.
UN/Cr
0.045
0.061
0.008
Fig. 2. Mean glycolate (mgfg creatinine)
excretion (± SEM) by males (0) and females
(•) on low (0.6 glkg) and high (1.8 gf kg)
protein diets. The mean excretions on self-
selected (SS) diets are also shown. The inset
shows the changes in glycolate excretion in
one male individual on these diets. The lower
curves show changes in urea-N (gig
creatinine) excretion (± saM) for the total
group (U).
Fig. 3. Mean oxalate (mglg crealinine)
excretion (± SEM) by males (0) and females
(•) on low (0.6 g/kg) and high (1.8 gI kg)
protein diets. The mean excretions on self-
selected (SS) diets are also shown.
By ANOVA the only evidence of a transition phase in oxalate
excretion was with males on the high protein diet. On days 2
and 3 oxalate excretion was significantly higher (P < 0.05) than
during the presumed equilibrated phase (days 7 to 10) and was
significantly higher than the mean excretion on the self-selected
diets (Fig. 3). With glycolate excretion, the only significant
transition effect was with females on the low protein diet, where
excretions on days I and 2 were significantly higher (P < 0.05)
than on days 7 to 10 (Fig. 2). Oxalate excretion during the
equilibrated phases on the two controlled protein diets was not
different in males but was significantly higher (20%) in females
on the high protein diet (Table 3). The gender difference in
oxalate excretion observed in the study of individuals on the
self-selected diets was only evident on the high protein diet (P
= 0.003). Glycolate excretion relative to creatinine was higher
in females than in males on both diets (P = 0.007) and for both
genders the excretion on the high protein diet was higher than
on the low protein diet (P < 0.001).
Considerable variability was observed in the excretion of
both oxalate and glycolate despite the control of protein and
calories in the diets. The mean CV for oxalate excretion was
22% for the total group on the low protein diet and 18% on the
high protein diet. This CV was significantly higher (P < 0.005)
than the CV in creatinine excretion, which was 8% on the low
protein diet and 7% on the high protein diet. Similarly, the
variability in glycolate excretion was significantly higher than
that of creatinine excretion (P < 0.05): 18% on the low protein
diet and 19% on the high protein diet. In three of the five male
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Table 3. Mean urinary excretions on days 7 to 10 of controlled protein diets
individuals a pronounced periodicity in the excretion of glyco-
late was observed, and the most remarkable pattern is shown as
an inset in Figure 2. This pattern was observed in only one of
the females.
Consistent with previous studies on the effects of controlled
protein diets [24—26] urea-N excretion and creatinine clearances
were significantly higher on the high protein diet compared with
the low protein diet. As observed by others, the increased
dietary protein had adverse effects on excretions important in
urolithiasis, increasing uric acid excretion by 42%, decreasing
citrate excretion by 23%, and increasing calcium excretion in
males by 55% [4, 5, 7, 26 to 28]. Calcium excretion in females
was unaffected. As dietary protein has previously been shown
to increase urinary calcium in females [27], the observed lack of
effect in this study may be due to the lack of control of dietary
phosphorus [261.
Discussion
An increased incidence of calcium oxalate urolithiasis in
affluent societies led investigators to postulate that an increased
consumption of animal protein may be a causative factor [291.
Some subsequent studies reported that an increased ingestion
of protein increased both urinary calcium [4, 5, 7, 26—28] and
oxalate excretion [4—6], while others observed no effect on
oxalate excretion [7—10]. These studies were inconclusive be-
cause they either lacked dietary control [4, 5, 8, 10], were of a
short duration (sS days) [6, 8, 9], or multiple urines were not
collected to overcome intra-individual variability in oxalate
excretion [6—10]. Excretions in our study have been expressed
relative to creatinine which partially corrects for changes in
glomerular filtration rate, differences in body size and muscle
mass, and inaccurate collections. The importance of expressing
results relative to creatinine is evident in comparing sex differ-
ences. The results in Table 1 show that males excrete more
oxalate and glycolate per day than females, but when expressed
relative to creatinine females excrete more than males. This
difference appears to be due primarily to differences in body
size and muscle mass.
The results of the studies reported here indicate that the
amount of protein in the diet and its catabolism affects both
glycolate and oxalate excretion. The effects of dietary protein
on oxalate excretion are small, are time dependent, and differ in
males and females. The effects of dietary protein on glycolate
excretion are larger and are similar in males and females. In
males consuming self-selected diets of variable protein content
there appears to be a relationship between the synthesis of urea
and the formation of oxalate. The multiple collections of urine
from individuals revealed that a large inter-individual and
intra-individual variability occurred in the excretion of oxalate
and glycolate and was evident even on controlled diets. The
significance of these observations and their relationship to prior
studies will be considered in turn.
On self-selected diets neither oxalate nor glycolate was
correlated with protein intake in either sex. As oxalate excre-
tion in females was shown to increase with increased protein
intake on the controlled protein diets, and glycolate excretion
increased in both males and females, the lack of a relationship
may stem from the small effect of protein, the time taken for
effects to be observed, and the masking of effects by other
factors, such as metabolic hormones, which may have a larger
impact. In male but not female individuals, however, oxalate
excretion was significantly correlated with urea excretion. Urea
is the main nitrogenous end-product of amino acid catabolism
excreted in urine, with lesser amounts of other nitrogenous
compounds, creatinine, uric acid, and ammonia, also being
excreted. Thus, there appears to be a metabolic relationship
between the breakdown of dietary protein to urea and the
synthesis of oxalate in males. The nature of this relationship is
uncertain with some of the key enzymes of the urea cycle
localized in mitochondria [30], in contrast to the peroxisomal
localization of key enzymes in oxalate biosynthesis [31]. A
further difference in males and females is evident in the rela-
tionship of protein intake to urea excretion where the relation-
ship is stronger in females. Although urea-N excretion is often
used as an index of protein intake [32], this study shows it is not
highly correlated in individuals consuming variable self-se-
lected diets and who are not in neutral N balance. Some error
may occur with the estimation of dietary protein due to the
difficulty in accurately estimating portion sizes, but essentially
similar results were obtained by Bingham and Cummings [33]
who measured total N excretion and daily N intake by Kjeldahl
digestion of duplicate meals in individuals consuming self-
selected diets. To obtain high correlations of N excretion with
N intake, estimation of total N rather than urea-N output,
Protein
intake
g/kg/day mg/g
Oxalate/Cr Glycolate/Cr Citrate/Cr Urate/Cr Ca/Cr
Urea-N/Cr mg/g
8.6 1.6
<0.001
4.3 1.4
Creatinine
clearance
mi/mm
466 142
0.017
561 191
Total 0.6 20.4 4.1 20.2 5.1 4.3 1.1 605 231 410 65 111 51 82.0 21.5
(N= 11)
P
1.8 22.4 5.2
0.007
34.1 8.5
<0.001
Males 0.6 19.1 3.5 18.0 2.Sa
(N=5)
P
1.8 18.7 34a
NS
27.9 3.8a
<0.001
Females 0.6 21.6 4.5 22.5 6.3
(N = 6)
P
1.8 26.0 3.9
0.02
40.3 7.3
<0.001
8.9 2.0
<0.001
524 99
0.035
635 80
<0.001
121 48
NS
77.9 17.8
<0.001
584 89
<0.001
390 80
8,4 1.3
<0.001
4.2 0.8
132 41
NS
92 34
386 188
0.015
720 201
95.9 26.0
0.002
95.2 17.2
a P is the probability of an effect of dietary protein. Males and females differ with P < 0.05.
524 56
0.028
426 51
143 33
<0.001
128 60
114.4 19.5
0.025
68.9 17.4
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accurate weighing of dietary components, and an estimate of
the body urea pooi may all be required [33, 34]. Glycolate
excretion was correlated slightly higher with oxalate excretion
in females than males. The correlation we observed in the total
group of 101 individuals, 0.385 is lower than the correlation of
0.57 (r2 = 0.31) reported by Wandzilak et al [21], but is not
significantly different (Z score test; P> 0.05). These observed
correlations suggest that a strong precursor-product relation-
ship may not exist between glycolate and oxalate and that other
factors such as the activities of key peroxisomal enzymes,
glycolate oxidase and alanine: glyoxylate aminotransferase, and
the permeability of peroxisomes to glycolate and glyoxylate
may have more influence on the amount of oxalate synthesized
than the amount of glycolate produced. As endogenous synthe-
sis may contribute only 40 to 50% of the urinary oxalate,
variability in the contributions of dietary oxalate and ascorbate
breakdown to urinary oxalate may also affect the correlation.
The studies reported here are with normal individuals and do
not exclude the possibility that a strong relationship between
glycolate and oxalate excretion occurs in some recurrent stone
formers as proposed by others [14, 15].
On controlled diets, a high protein diet produced more
glycolate excretion than a low protein diet in both males and
females. An adjustment phase to changes in diet was apparent
on the first few days of the low protein diet, and variable
responses to the high protein diet were observed such as shown
in the inset to Figure 2. These variable, time-dependent changes
most likely contribute to the failure to observe a correlation
between protein intake and glycolate excretion on self-selected
diets. Sex-specific changes were observed in oxalate excretion
on the controlled diets. On equilibration to the diets (7 to 10
days) an increase in oxalate excretion with increased protein
was observed in females but not males. The effect in females
was not large with oxalate excretion increasing only 20% in the
face of a 200% change in protein intake. Urea excretion
increased —100% in both males and females. These results
indicate that with equilibration to the diets an association that
exists between urea and oxalate synthesis in males on self-
selected diets disappears. It has been established in rodents,
that during the adjustment phase of nearly seven days between
two different dietary protein levels, the amounts of various urea
cycle enzymes in liver change [30, 35]. The results of this study
suggest that if similar changes occur with hepatic urea cycle
enzymes in humans, similar changes in enzymes associated
with oxalate synthesis do not occur during the adjustment
phase. The significant rise in oxalate excretion on days 2 and 3
in males, followed by a decline suggests that a transitory
metabolic change occurs. This period of increased oxalate
excretion coincided with a peak in glycolate excretion in some
male individuals as shown in the inset of Figure 2, but the
response was too variable to reach any conclusions. The
variable response may represent true inter-individual variability
or it may be affected by the prior protein intake on sell-selected
diets during the wash-out period. The second peak in glycolate
excretion in that individual and to a lesser extent in others
occurred in the face of decreased oxalate synthesis showing a
discordance between glycolate and oxalate synthesis.
Stone disease is more common in males than in females [36]
and if oxalate excretion plays a role in the predisposition of
males to the disease, a critical difference between males and
females may be in their response to varying protein intakes that
occur with self-selected diets. The correlation we observed
between urea excretion and oxalate excretion in males and their
increased oxalate excretion on days 2 and 3 of a high protein
diet suggests that the male responds to increases in dietary
protein, perhaps induced by sustained changes in intake within
the preceding 24 to 72 hours, by increasing oxalate and urea
synthesis. This could be verified by comparing the response of
males and females, equilibrated to a low or normal protein diet,
to protein loads of varying amounts and durations.
Considerable variation was observed in the urinary excretion
of glycolate and oxalate in the multiple collections from many
individuals on either self-selected or controlled diets. Brown et
al [37] have also reported considerable intra-individual variabil-
ity in oxalate excretion. The variability we observed on sell-
selected diets was more than three times higher than that of
creatinine. This variability was much greater than the CV
associated with the method which was 6% based on replicate
determinations in the three collections from a random sampling
of 20 individuals. The contribution to urinary oxalate from the
diet is <20% so major changes in dietary oxalate intake on the
different days of the collection are unlikely to account for a
significant portion of the variability. Furthermore, close exam-
ination of the dietary records of the ten individuals with the
highest variability in oxalate excretion showed neither wide
fluctuations in the intake of oxalate-rich foods nor calcium,
which could influence oxalate absorption by complexing it in
the gut [3]. The type of dietary protein, whether it is of
vegetable or animal origin has been shown to influence oxalate
excretion [38]. However, the type of dietary protein was
relatively constant on each controlled diet and considerable
variability in excretion still occurred. The examination of
dietary records also indicated that the intake of ascorbic acid
was not highly variable and thus was unlikely to be contributing
to the variable oxalate excretion. The most likely source of the
variability is endogenous metabolism. The correlation of urea
excretion with oxalate excretion suggests some link in their
metabolism or in the regulation of their metabolism. A number
of hormones influence urea metabolism, including insulin, glu-
cagon, glucocorticoids and thyroid hormone [30]. Increases in
dietary protein have been shown to increase plasma glucagon
and insulin levels [39]. We recently reported that glucagon
increases oxalate excretion in male guinea pigs [40], supporting
the view that endogenous oxalate synthesis is hormonally
regulated and by hormones that also affect urea synthesis.
Whether metabolic hormones affect oxalate synthesis in hu-
mans, whether different responses occur in males and females,
and whether these factors contribute to stone disease is worthy
of further consideration. Whereas the changes in oxalate excre-
tion caused by increases in dietary protein are of unknown
significance for urolithiasis, this study reaffirms that a high
protein intake does have adverse effects on other urolithiasis
risk factors, including calcium, urate and citrate excretion.
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